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Results 

Table  I  shows  for  the  Single  Task  Method  the  degrees  of 
clearness  given  in  the  various  reports  in  relation  to  the  accur- 
acy of  the  report  and  the  kind  and  direction  of  change.  It 
is  in  every  way  analogous  to  Table  I  of  our  earlier  paper.^* 

Table  II  shows  the  same  results  for  the  Double  Task 
Method.  It  may  be  understood  by  reference  to  Table  X  of 
the  first  paper.  ^^ 

Tables  I  and  II  give  only  the  number  of  cases  occurring 
under  their  rubrics.  A  comparison  of  the  data  is  more  clearly 
afforded  by  Tables  III  and  IV.  These  tables  are  the  analogues 
of  Tables  IP«  and  XI"  in  the  first  paper. 

The  tables  bear  out  in  every  detail  the  findin|[s  of  our  first 
study.  The  higher  degrees  of  clearness  favor  right  cases  and 
subjective  reports.  The  Double  Task  Method  brings  a  greater 
range  of  degrees  of  clearness. 

The  weighted  summaries  of  Tables  V  and  VI  are  obtained 
from  the  summaries  of  Tables  III  and  IV  in  accordance  with 
the  method  of  weighting  laid  down  in  our  previous  study.*® 
Tables  V  and  VI  are  analogous  to  Tables  II P^  and  XII" 
of  that  study.  As  in  our  former  work,  we  see  that  the  crests 
of  the  curves  of  the  right  judgments  lie,  in  the  case  of  either 
method,  above  the  crests  of  the  curves  of  the  wrong  judg- 
ments. We  have  thus  reestablished  the  relation  between  in- 
trospectively  distinguished  variations  of  clearness  and  accuracy 
of  work  performed. 

i«  Pp.  474ff . 
"  Pp.  494ff. 

"  Pp.  47OT. 
i»  Pp.  496ff. 
««  P.  481. 
«i  P.  481. 
"  P.  499. 
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and  amount  of  ocular  movement  is  probably  to  be  referred 
to  certain  general  conditions  of  attention. 

3.  Changes  in  the  clearness  of  the  image  correspond,  to  an 
appreciable  extent,  to  movements  of  the  eyes. 

4.  Ocular  movement  is  more  likely  to  occur  in  secondary 
attention  than  in  primary  or  derived  primary  attenticxi. 

5.  Characteristic  ocular  movements,  and  possibly  general 
motor  attitudes,  seem  to  be  transferred  from  visual  percep- 
tions to  visual  imagery. 


500  MYERS  AND  MYERS 

3.  Shed  or  spread  Feb.  9th  became  shed  (correct)  Final. 

4.  Softly  Feb.  gth  became  mildly  (correct)  became  kindly.     Final. 

5.  Watch  Feb.  9th  became  guard  (correct)  May  4th  and  Final. 

6.  And  answered  March  i8th  became  and  whispered  July  27th  became 
and  said  "I  swear  it**  Nov.  ist  and  Final 

7.  Shone  July  aSth  (a)  became  glowed  July  28th  (b)  became  gleamed 
(incorrect)  July  2^  and  Final    Beamed  was  correct 

8.  Morning  sunlight  or  early  sunlight  July  28th  became  early  sunlight 
(correct)  Fmal 

9.  Gleaned  or  fell  July  2pth  became  gleamed  (correct)  Final. 

10.  Choice  pupils  July  29th  »( a)  became  young  aspirants  July  29th 
(b).    Younfi  aspirants  (correct)  Final. 

11.  Showing  or  proving  or  to  prove  (correct)  July  29th  became  prov^ 
ing  Final. 

12.  Teacher^ s  part  July  29th  (a)  became  teacher's  task  July  29th  (b) 
became  teacher's  power  (incorrect)  Final.    Teacher's  care  was  correct 

13.  Long  got  knowledge  July  29th  (a)  became  unhought  knowledge 
(correct)  July  29th  (b)  and  filial 

14.  Painter  or  Murillo  Feb.  9th  became  Murillo  (correct)  Final. 

15.  Toiled  Feb.  13th  (a)  became  worked  Feb.  13  (b)  became  joyed 
Feb.  13th  (c)  (correct)  and  final. 

16.  So  be  thee  from  this  day  Feb.  13th  became  So  be  thee  from  this 
time  (incorrect)  Final.    So  be  thee  mine  by  other  bonds  was  correct 

17.  Stroke  Feb.  15th  became  touch  (correct)  Final. 

18.  Pressed  Feb.  13th  became  clasped  March  i8th  became  pressed 
(correct)  Final. 

One  may  conclude  from  the  above  th^  the  ''corrections"  are  prac- 
tically always  made  in  the  right  direction  and  that  the  errors  are  in 
words  and  not  in  content.  In  her  introspections  the  subject  stated: 
"  I  always  got  the  story  before  the  words."  "  When  the  lines  *  But 
constant  to  his  purpose  still.  He  toiled  to  see  his  pupil  gain '  were  first 
recalled  I  gave  worked  and  then  toiled  for  joyed  but  realized  that  it 
was  incorrect.  I  knew  that  there  was  the  thought  that  Murillo  found 
pleasure  in  helping  Sebastian.  This  thought  was  not  expressed  in 
toiled  or  worked  but  came  with  joyed." 

There  are  two  sections  of  the  poem  lines  i  to  18  and  64  to  72  which 
have  similar  beginnings : 

"'Twas  morning  in  Seville;  and  brightly  beamed 

The  early  sunlight  in  one  chamber  there; 

Showing,  where'er  its  glowing  radiance  gleamed. 

Rich  varied  beauty." 

and 
"'Twas  midnight  in  Seville;  and  faintly  shone 

From  one  small  lamp  a  dim  imcertain  ray, 

Within  Murillo's  study." 

Until  the  i8th  recall  the  subject  gave  lines  64  to  72  as  the  beginning 
of  the  poem.    It  was  at  this  time  that  lines  i  to  4  were  recalled. 
In  connection  with  lines: 

"  Nor  dare  to  close  your  eyes  in  sleep 
If  on  the  morrow  mom  you  fail 
To  answer  what  I  ask 
The  last  shall  force  you — do  you  hear? 
Hence  to  your  daily  task." 
The  subject  confused  a  phrase  of  another  poem — "The  Vision*', 
"  Thy  f  aithf ullness  to  show.    "  This  phrase  came  up  every  time  I  got 
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Amount,  Gain  and  DisnuBtmoN  op  Recalls 


that  the  final  recall  is  not  a  fair  measure  of  retentiveness ; 
much  less  is  the  first  recall  such  a  measure. 

Because  a  number  of  the  lines  recalled  from  "  Snowbound  " 
by  G.  M.  underwent  so  many  changes  and  since  he  made  no 
final  reconstruction  of  all  the  recalls  no  attempt  to  enumerate 
his  recall  was  made.  Reference  to  his  recalls  readily  show  a 
comparatively  high  amount  of  the  total  recall  given  in  the 
first  recall.  Those  lines  given  in  his  first  recall  he  had  recalled 
very  frequently  during  the  five  years  interval  but  the  sue- 
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In  the  final  Courtis  Tests  we  find.  Tables  IV  and  IV  (a) 
that  the  median  number  of  problems  attempted  by  Group  E 
exceeds  that  of  Group  T  by  2  in  addititMi,  2.8  in  subtractioa, 
1.6  in  multiplication  and  4.8  in  division, — a  superiority  of 
11^  problems.  The  median  number  of  problems  correctly 
solved  by  Group  E  exceeds  that  of  Group  T  by  2  problems 
in  addition,  2.7  in  subtraction,  1.6  in  multiplicaticsi  and  4.7 
in  division, — a  total  superiority  of  11  problems.  In  the  final 
test  the  variability  in  the  number  of  "  attempts  "  was  greater 
for  Group  E  by  5^  in  addition,  4^  in  subtraction  and  less 
by  7%  in  multiplication  and  by  4%  in  division, — an  average 
superiority  of  5%  for  Group  E.  The  variability  of  the  num- 
ber of  "  rights  "  for  Group  E  in  the  final  Courtis  Test  was 
less  by  14%  in  addition,  1%  in  subtraction,  3%'  in  multqili- 
cation,  and  9%  in  division, — an  average  of  6.7%  less  varia- 
bility for  Group  E. 

With  respect  to  the  number  of  problems  attempted  at  the 
close  of  the  eight  practice  periods.  Groups  T  and  E  imprtived 
S.S%  and  34.4%  respectively;  with  regard  to  the  number  of 
problems  correctly  solved,  Group  T  lost  2.$%  while  Group 
E  g^ned  30.9%.     (For  summary  see  Table  I.) 

Fig.  9  graphically  sets  forth  the  relation  of  the  medians 
and  variability  as  given  in  Table  I.  The  medians  of  the 
initial  attempts  for  all  four  fundamental  operations  show  very 
slight  differences  between  Groups  T  and  E.  The  arrows  prac- 
tically fall  within  a  vertical  hne.  This  is  not  true  for  the 
medians  of  the  final  attempts  and  rights.  Here  the  medians 
for  Group  E  in  both  attempts  and  rights  exceed  that  of  Group 
T  by  2.8  abscissae  points.  The  median  of  final  "  rights  "  for 
Group  T  occupies  a  position  .3  abscissae  points  farther  to  the 
left  than  its  position  in  the  initial  test,  showing  a  decrease 
in  accuracy  with  the  increase  in  speed. 

The  marked  superiority  of  the  economical  method  is  clearly 
seen  in  curve  a,  Fig.  4.  The  greatest  superiority  is  in  division 
and  the  least  in  addition. 

Figs.  5-9  show  in  a  striking  manner  the  decrease  in  variabil- 
ity under  the  economical  method,  the  graphs  becoming  more 
compact  around  the  median.  This  characteristic  is  most 
marked  in  the  addition  graphs  (Fig.  5),  showing  decreased 
variability  both  in  the  number  of  nnal  attempts  and  in  the 
number  of  rights  for  Group  E  as  previously  stated.  Grxiiip 
E  excels  Group  T  at  and  after  the  sixth  work  period  (Tab^ 
11)  in  addition,  at  the  fifth  period  and  thereafter  in  subtrac- 
tion and  multiplication,  and  at  the  fourth  period  and  there- 
after in  division.     The  irregular  rates  of  improvement  for 
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the  rest  are  in  black  and  white.  The  material  used  was  water- 
color  on  heavy  *  elephant  paper '  with  cloth  backing,  42  in. 
in  width  and  from  three  to  five  feet  in  length.  They  were 
prepared  ready  for  hanging  with  a  strip  of  molding  on  cadi 
end. 

Appended  is  a  list  of  these  charts ;  they  are  numbered  in 
Roman  notation.  The  Arabic  numbers  refer  to  the  separate 
figures  on  the  chart.  There  is  a  brief  description  and  a  cita- 
tion of  the  source  from  which  the  chart  was  copied  in  each 
instance. 

I.  Organ  of  Audition. 

1.  Semicircular  canals  in  cochlea. 

From  a  stereopticon  slide:  photographic  reproduction  of 
a  plaster  model. 

2.  Modified  diagrammatic  transection  of  right  car. 

After  Czermak. 

3.  Diagrammatic  transection  of  a  whorl  of  the  cochlea. 

Fo^iter,  M.     A  text-book  of  physiology,   1 891,  vol.  4,  fig. 
177,  p.  203. 
II.  Organ  of  Corti. 

1.  General  transection  of  the  organ  of  Corti  in   the  cochlea 

of  a  new-bom  pig. 
Shambaugh.  G.  E.     Arch,  of  Otol.,  37,    1908,   plate  xiv. 
fig.  2.  opp.  p.  457- 

2.  Similar    transection    showing    bloodvessel    under    basilar 

membrane. 
Ibid.,  fig.  4- 

3.  Similar  transection  to  show  the  attachment  of  the  mem- 

brana  tectoria  to  hair-cells. 
Shambaugh,  G.  E.    Zcits.  f.  Ohrcnhlk.,  62,  19 10,  Taf.  x, 
/\l)b.  2   (reversed),  opp.  p.  235. 

4.  'i'ransection    similar  to   3,   to   show   attachment    to    outer 

hair-cells. 
Ibid.,  Abb.  5. 

III.  Analyses  of  comi)lex  Sound-waves. 

1.  Graphic  analysis  of  irregular,  periodic,  longitudinal  vilira- 

tions  into  simple,  regular,  periodic,  sinusoid  vibrations. 
Wundt.  \V.    Grundziige  der  physiologischen  Psychologie. 
(th  ed.,  1 9 10,  vol.  2.  fig.  171,  p.  70. 

2.  Graphic  analysis  of  complex  sound-wave  into  waves  cor- 

responding to  a  simple  tcme  with  an  additional  simple 
tone  of  double  vibration-rate  and  of  less  intensity. 
Ibid..  UvL.  172(A),  p.  72. 

3.  (iraphic  analysis  of  complex  sound-wave  into  waves  o>r- 

rc-ponding  to  a  simple  tone  with  an  additional  simple 
tone  of  triple  vibration-rate  and  of  less  intensity. 
Ibid.,  tig.   172(B).  p.  72. 

IV.  Graphic    representation    of    Vocal    Sounds,    showing    irregular 

wave-structure. 

1.  German  vowel  a  at  c  (^128  vd. ) 

Ibid..  ti«.  245(1).  p.  390,  after  L.  Hermann. 

2.  German  vowel  o  at  c  ( :=  128  vd.) 

Ibid.,  fig.  245(2).  p.  3(/),  after  L.  Hermann. 
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X.  General   view  of  demonstrational   Rhythm-hammer    (Condi 
pattern). 
Illustrating  device  for  demonstrating  temporal  percepdooi 
Bentley,  M.    Am.  J.  of  Psychol.,  23,  1912,  fig.  4,  opp.  p. 
514. 
XI.  Cathedral  Perspective. 

Shows  architectural  curve  in  pillar  to  produce  illusory  exag- 
geration of  height  as  viewed  from  the  floor. 
Goodyear,   W.  H.     Memoirs  of  Art    and  Archaeology 
(Museum  of   Brooklyn  Inst    of   Art   and   Sciences), 
1894,  vol.  I,  no.  4,  p.  26. 
XII.  Dioptrics  of  the  Stereoscope. 

A  dioptric  diagram  in  colors  illustrating  the  principle  of  the 
Brewster  stereoscope. 
Simplified  from  Titchener,  E.  B.     Experimental  psychol- 
ogy, 1901,  vol.  I.  pt.  2  (Instructor^  manual),  fig  66^ 
p.  268. 

XIII.  S3maesthesia :  chromaesthesia. 

Illustrations    representing    vowel,    consonant,    number,   and 
word  associations  with  colors. 
Galton,  F.    Inquiries  into  human  faculty,  etc,  1883.  plate 
iv.  fig.  69,  after  p.  380. 

XIV.  Synaesthesia :  number-forms. 

Illustrating  the  association  of  numerical  series  with  diagrams. 
Galton,  F.    Op.  cit,  plates  i,  ii,  iii,  figs.  i.  ^,  7,  a  0,  10, 
20,  27,  37,  56,  59,  after  p.  380. 
XV.  The  Expressive  Method  as  applied  to  Emotion. 

Fig.  1-3.    Sthenic  type  of  emotion  expressed  by  curves  repre- 
senting breathing   (above)    and  blood- volume,  pulse- 
rate,  and  Traube-Hering  waves  (below). 
I.  Transition  from  pleasurable  thought  of  successful  work 
to  unpleasurable  thought  of  fatigue  at  *  a  *. 
Wundt,  W.    Op.  cit.,  5th  ed.,  1903,  vol.  3,  p.  ^. 
2-3.  A  continuous  curve  representing  strong  anger  induced 
by  memory  of  heated  argument.    At  first  pulse  is  de- 
;  pressed   (unpleasantness).     Depression   increases  with 

continued  emotion.    Breathing  is  strengthened,  short- 
I  ened,  and  irregular. 

Ibid.,  p.  229. 
J  4.  A  curve  representing  momentary  and  depressing  emotion 

of  sudden  fright.    Decrease  of  volume  and  pulse,  and 
irregular  breathing. 
Ibid.,  p.  230. 
XVI.  Plan  of  Reaction  Experiment. 

Disposition  of  apparatus  and  electrical  connections  in  the 
typical  simple  reaction  experiment  requiring  the  Hipp 
chronoscope  and  accessory  instruments. 

^rrr    rru     „^""dt»^-     C)^  ci/.,  6th  ed.,  I91I,  vol.  3,  fig.  368,  p.  366. 

XVII.  The  Human  Bram. 

1.  Adult  type  of  fissuration,  female,  29  yr..  dorsal  aspect,  rich 

in  gyres. 
Retzius,  G.    Das  Menschenhirn,  1896,  vol.  2,  plate  54, 
fig.  2.  ^^ 

2.  Adult  type  of  fissuration,  male,  37  yr.,  dorsal  aspect,  poor 

in  gyres,  but  unusual  in  type. 
Ibid.,  plate  54,  fig.  i. 


NOTES  ON  PRACTICE,  IMPROVABILITY,  AND  THE 

CURVE  OF  WORK 


By  EowAKD  L.  Tbokkimke, 
Teachers  College,  Columbia  Umrenitjr 


^ 


Learning  and  the  Curve  of  Work  in  the  Case  of  a  Clerical 

Task 

Sixty-four  educated  adults  practiced  writmg  the  products 

of  II XII,  11x12,  12x12,  11x13,   19x19  with 

the  aid  of  a  key  as  shown  below. 

11      12      13      14      15      16      17      18       19 

11  121    132    143    154    165    176    187    198    209 

12  ...     144    156    168    180    192    204    216    228 

13    169    182    196    208    221    234    247 

14    196    210    224    238    252    266 

i  15    225240255270285 

16    256    272    288    304 

17    289    306    323 

18    324    342 

19    361 

The  subject  wrote  as  rapidly  as  possible  the  products  of 
80  pairs  of  numbers  printed  in  a  haphazard  order  as  shown 
below,  using  the  Key  or  trusting  to  memory.  The  time  of 
beginning  and  ending  and  the  number  of  mistakes  were  re- 
corded. The  time  record  was  as  exact  as  the  subject  could 
make  it,  using  an  ordinary  watch  with  a  second  hand. 

17  19  18    19  11    16  17    17  12     12 

12  11  15    18  14    17  12    18  13     14 

14  16  16    19  15    19  13    15  14     19 
19    11           18    12           16    17           16    12  15    13 

18  18  12    13  15    16  18    15  16    11 

15  11  17  18  18  14  19  16  18  13 

16  18  11  12  13  16  16  13  11  17 

13  19  19  18  17  12  14  18  17  14 
12  17  15  14  11  13  16  16  13  11 


a 
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Fig.  3. — Same  as  Fig.  2  except  that  an  addition  of  10  sec.  for  each  error 

is  made. 

The  Correlations  Between  Initial  Ability  and  Improvement 
and  Between  Improvement  and  One  Function  and  Im- 
provement in  Other  Functions. 

Fifteen  college  students  practiced  on  each  of  five  days  for 
each  of  two  weeks  at  checking  numbers  on  the  Woodworth- 
Wells  blank,  adding  columns  of  figures,  multipl3ring  mentally 
with  two  three-place  numbers  after  the  method  used  previ- 
ously by  the  author,  and  typewriting.  The  details  concerning 
the  length  of  periods,  the  conditions  of  practice  and  the  like 
need  not  be  reported  here.  Thev  were  free  from  anything 
prejudicial  to  the  conclusions  to  be  stated  here.* 

The  data  used  are  shown  in  Table  II.  The  six  lines  re- 
ported for  each  individual  concern  the  results  in  canceling  2's 

*  The  practice  occurred  in  connection  with  the  work  of  the  New  York 
State  Commission  on  Ventilation  made  possible  b^  the  Anderson 
foundation,  was  planned  by  the  author  and  was  carried  on  under  the 
immediate  direction  of  Mr.  W.  A.  McCall.  For  the  computations  re- 
ared for  this  article  the  author  is  responsible.  Full  details  concem- 
mg  the  experiments  may  be  found  in  Ventilation  in  Relation  to 
Mental  Work  by  Thomdike,  McCall  and  Chapman,  New  York,  1916. 
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(first  line),  canceling  3's  (seaMid  line),  addition  (third  line), 
mental  multiplication  (fourth  line),  and  typewriting  (first  ten 
minutes  in  the  fifth  line  and  second  ten  minutes  in  the  sixth 
line).  The  figure  under  'Average'  in  the  case  of  line  6  is, 
however,  in  each  case,  the  median  of  the  four  scores  of  lines 
5  and  6. 

TABLE  II 


1 .- 
li 


•t- 


.! 


i 


"I 


Initial  and  Final  Scores  op  15  Individuals 

- 

Dayl 

Trial 

Day  10 
Trial 

Aver- 

Gain in 
-  Dayl 
to 

Trial 

Trial 

Aver- 

1 

2 

age 

1 

2 

age 

Day  10 

Brdd.. 

•   .M   8«   •   ■ 

134 

146 

140 

174 

166 

170 

30 

3's... 

150 

152 

151 

186 

176 

181 

30 

Add. 

94 

113 

104 

151 

149 

150 

46 

Mult 

50 

68 

59 

100 

98 

99 

40 

Typ. 

155 

166 

222 

205 

132 

158 

157 

219 

183 

212 

55 

Ferg.  . 

»    mji   8.  .  . 

132 

134 

133 

164 

162 

163 

30 

3*8... 

132 

132 

132 

158 

162 

160 

28 

Add. 

62 

79 

71 

122 

131 

127 

56 

Mult 

44 

37 

41 

90 

86 

68 

49 

Typ. 

61 

77 

141 

144 

78 

82 

78 

133 

151 

143 

65 

Leik. . 

.  •  4b  8.  .  . 

120 

130 

125 

154 

156 

155 

30 

3'8. . . 

142 

138 

140 

180 

156 

168 

28 

Add. 

63 

69 

66 

95 

99 

97 

31 

Mult. 

69 

122 

96 

173 

143 

158 

62 

Typ. 

80 

89 

150 

141 

80 

95 

85 

153 

145 

148 

63 

Levy.. 

1  •  •  ^  s. . . 

94 

110 

102 

136 

154 

145 

43 

3'8... 

98 

124 

111 

148 

142 

145 

34 

Add. 

40 

44 

42 

60 

70 

65 

23 

Mult. 

31 

57 

44 

109 

113 

111 

67 

Typ. 

71 

86 

141 

124 

77 

92 

82 

145 

135 

138 

56 

B06t.. 

.  • ^  s. . • 

104 

106 

105 

200 

196 

198 

93 

3'8... 

124 

124 

124 

176 

176 

176 

52 

Add. 

38 

43 

41 

58 

67 

63 

22 

Mult. 

68 

96 

82 

282 

279 

281 

199 

Typ. 

120 

147 

240 

237 

128 

139 

134 

220 

206 

229 

95 

EUe... 

• • M   8. . . 

108 

108 

108 

195 

202 

199 

91 

08... 

108 

118 

113 

143 

166 

155 

42 

Add. 

74 

75 

75 

123 

106 

114 

39 

Mult. 

67 

80 

74 

226 

250 

238 

164 

Typ. 

205 

189 

242 

230 

198 

191 

195 

223 

229 

230 

35 
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TABLE  II— CofilmtMtf 


Initial  and  Final  Soobe 

5  OP  15  Individuals 

Day  1 

Day  10 

Gain  in 
•  Day  1 
to 

Trial 

Trial 

Aver- 

Trial 

Trial 

Aver- 

1 

2 

age 

1 

2 

age 

Day  10 

Solo.  ...2'8... 

134 

140 

137 

190 

198 

194 

57 

3'8... 

144 

150 

147 

196 

182 

189 

42 

Add. 

63 

68 

66 

122 

113 

118 

52 

Mult. 

89 

113 

101 

161 

164 

163 

62 

Typ. 

59 

114 

170 

160 

104 

130 

109 

177 

195 

174 

65 

Kuen...2'8... 

110 

112 

111 

152 

158 

155 

44 

O  8. . . 

122 

126 

124 

138 

142 

140 

16 

Add. 

53 

50 

52 

97 

108 

103 

51 

Mult. 

82 

80 

81 

192 

188 

190 

109 

Typ. 

76 

86 

139 

133 

75 

80 

78 

126 

137 

135 

57 

Rivl 2|8... 

118 

122 

120 

184 

188 

186 

66 

08... 

138 

136 

137 

172 

168 

170 

33 

Add. 

49 

44 

47 

106 

114 

110 

63 

Mult. 

40 

47 

44 

179 

200 

190 

146 

Typ. 

95 

118 

155 

161 

101 

123 

110 

153 

174 

158 

48 

Stac 2'8... 

88 

106 

97 

154 

166 

160 

63 

3'8... 

126 

128 

127 

162 

164 

163 

36 

Add. 

79 

88 

84 

128 

124 

126 

42 

Mult. 

65 

82 

74 

218 

212 

215 

141 

Typ. 

39 

53 

125 

147 

50 

66 

52 

125 

145 

135 

83 

mUCa  ••.•^8... 

104 

114 

109 

140 

160 

150 

41 

3'8. . . 

122 

126 

124 

160 

152 

156 

32 

Add. 

53 

59 

56 

113 

110 

112 

56 

Mult. 

71 

107 

89 

323 

342 

333 

244 

Typ. 

84 

86 

162 

169 

71 

85 

85 

160 

165 

164 

79 

Except  in  the  case  of  typewriting,  the  gain  in  product  pro- 
duced per  unit  of  time  is  a  little  greater  for  those  of  initially 
high  ability.  In  typewriting,  the  opposite  is  the  case.  This 
is  what  would  be  expected  in  view  of  the  form  of  the  curve 
of  practice  in  typewriting,  and  the  fact  that  the  amount  of 
practice  one  has  had  in  it  is  largely  independent  of  his  ability. 

The  data  of  Table  I  give  some  information  concerning  the 
relation  of  ability  to  improve  in  one  mental  function  to  ability 
to  improve  in  other  functions.    The  correlations  by  the  for- 

6^  D« 


mula  r  =  2  sin  (-^p)  where  p=i — 


N(n«-1) 


are: 
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Next  Day,  After  Rest 

Period 11  12 

Time 129.0  117.3 

Errors 17  14 

Correct  responses 48  51 

Satisfyingness 77.5  75.5 

The  time  for  the  first  paragraph  read  is  long,  the  individual 
adapting  himself  to  the  task  and  being  specially  cautious. 
After  that  the  times  increase  slightly.  If  we  call  the  average 
time  for  periods  2,  3,  and  4,  100,  that  for  periods  5,  6  and  7 
is  101.6;  and  that  for  periods  8,  9  and  10  is  105.4.  After  the 
rest  the  time  falls,  being  84.5  on  the  basis  of  100  for  periods 
2,  3  and  4.  How  much  of  these  differences  is  to  be  credited 
to  the  eyes  and  how  much  to  the  central  nervous  system, 
remains  a  question.  It  is  the  writer's  opinion  that  the  major 
share  belongs  to  the  former.  The  qudity  of  the  work  re- 
mains closely  the  same  throughout,  the  errors  for  periods  2, 
3  and  4  being  44 ;  those  for  periods  5,  6  and  7  being  47 ;  those 
for  periods  8,  9  and  10  being  43;  and  those  for  periods  11 
and  12  after  rest  being  31  (or  465^  on  a  just  basis  of  com- 
parison). The  satisfyingness  falls  off  as  work  progresses 
and  increases  sharply  after  rest.  The  average  degree  of  satis- 
fyingness in  periods  2,  3  and  4  was  6.0;  in  periods  5,  6  and  7 
it  was  5.8;  in  periods  8,  9  and  10  it  was  5.6;  after  rest  it 
was  64. 

The  Effect  of  Rests  Upon  Achievement  and  Improvement  in 

Difficult  Mental  Work 

The  form  of  work  used  in  the  experiments  to  be  reported 
here  was  the  mental  multiplication  of  a  three-place  number  by 
a  two-place  number,  I's  or  o's  being  excluded  from  the  digits 
of  the  numbers.  The  numbers  themselves  were  visible 
throughout  the  multiplication.  Five  such  examples  were  done 
without  any  pause  save  that  required  to  write  the  answer,  note 
the  time  at  which  it  was  written  and  record  it.  At  the  end 
of  such  a  series  of  five,  another  series  was  begun  either  (a) 
at  once,  or  (b)  after  10  minutes  of  rest,  or  (c)  after  20  min- 
utes of  rest.  This,  continued  for  five  series  or  25  examples, 
made  one  day's  task.  The  score  was  the  time  for  each  ex- 
ample plus  one-fifth  of  the  time  for  each  wrong  figure  in  the 
answer.  This  was  understood  by  the  subjects  and  they  were 
instructed  to  work  for  the  best  attainable  score. 

The  subjects  were  divided  into  three  squads,  each  of  which 
did  25  examples  on  each  of  three  consecutive  days  and  5 
examples  in  the  morning  of  the  fourth  day.  Squad  i  ( 11  indi- 
viduals) worked  the  first  day  with  o  rests,  the  second  day 
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the  special  rest  before  it,  or  because  of  the  facilitation  due  to 
knowledge  that  it  was  the  last  of  the  series,  or  for  both  causes, 
was  much  better  than  the  last  series  of  the  day  before.* 

The  results  of  this  experiment  are  consistent  with  all  simi- 
lar experiments  in  showing  a  very  rapid  improvement  in  the 
special  function  concerned,  such  as  could  not  occur  if  the 
chief  element  in  the  efficiency  of  the  function  were  a  general 
power  of  *  concentration  '  which  the  previous  lives  of  the  sub- 
jects had  improved  in  toto. 

The  experiments  give  useful  data  concerning  initial  spurt — 
a  general  tendency  to  maintain  for  a  minute  or  so  a  rate  of 
achievement  which  is  soon  abandoned.  I  have  compared  the 
scores  for  the  first,  second  and  third  examples  in  a  series  after 
rest  in  the  case  of  the  eight  most  rapid  workers,  the  result 
being  an  average  time  of  77  sec.  with  .426  wrong  figures  for  the 
first,  94  sec.  and  .603  wrong  for  the  second  and  82  sec.  and 
441  wrong  figures  for  the  third.  With  six  individuals  who 
required  two  to  three  minutes  per  example,  the  averages  for 
the  first,  second  and  third  examples  of  a  series  after  rest  were, 
respectively,  128  sec.  with  .68  wrong  figures,  138  sec.  with 
.84  wrong  figures  and  141  sec.  with  .84  wrong  figures.  The 
superiority  of  the  work  of  the  first  minute  or  two  is  not 
surely  due  to  a  general  tendency  to  initial  spurt,  since  a  part 
of  the  difficulty  of  this  mental  multiplication  is  the  confusion 
of  the  numbers  with  memories  persevering  from  previous  ex- 
amples, a  form  of  interference  from  which  the  first  example 
of  a  series  is  obviously  relatively  free.  In  general,  I  have 
failed  to  find  evidence  of  initial  spurt  in  mental  work. 

*  152,  138,  134,  138,  106,  interval,  98,  100,  100,  84,  86,  interval,  80,  79, 
85*  79*  79f  special  interval,  66,  '        J 
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MINOR  STUDIES  FROM  THE  PSYCHOLOGICAL   LABORA- 
TORY OF  CORNELL  UNIVERSITY 

Communicated  by  E.  B.  Titchxner  and  H.  P.  Weld 

XXXII.    On  Cutaneous  After-Imagbs 


By  F.  L  DiHMXCK 

In  1897  F.  H.  Spindler  published  the  results  of  experiments  00 
**  after-sensations  of  touch."  ^  The  irregularity  of  these  results  led  us, 
in  the  following  year,  to  repeat  and  extend  the  experiments.  The 
experimenter  was  Mr.  J.  H.  Wilson,  a  senior  in  psychology;  the  0^ 
servers  were  Drs.  T.  L.  Smith  and  G.  M.  Whipple,  and  Messrs.  H.  0. 
Cook,  W.  3>  Secor,  and  W.  H.  Standrine,  seniors  in  the  department 
Eight  weights,  of  50  to  1000  ffr.,  were  applied  to  the  skin  for  5,  10  and 
15  sec.  Our  results  were  in  substantial  agreement  with  those  of 
Spindler.  We  found  evidence,  however,  both  objective  and  subjective, 
tmit  the  principal  cause  of  irregularity  (aside  from  crudeness  of  tedK 
nique)  was  the  response  of  two  sensitive  tissues  (skin  and  underiying 
muscle)  to  the  stimuli  employed.  Two  after-sensations  of  different 
course  and  quality  seem  to  be  intermingled  in  this  **  after-sensation  of 
J  touch  " ;  and  neither  Spindler's  original  method  nor  the  improved  fonn 

of  it  used  by  Wilson  enables  us  accurately  to  distin^sh  the  two  com- 
ponents.   It  has,  accordingly,  not  seemed  worth  while  to  publish  Wl- 
;  son's  results  in  detail. 

i.  Meantime  M.  H.  S.  Hayes  has  made  a  much  more  thorou^  study  of 

'  the  after-sensations  from  cutaneous  stimulation.^    As  a  stimulus  for 

**  punctif  orm  "  pressure,  she  used  "  rounded  wooden  points  1/32  incb 
in  diameter,  and  von  Frey  hairs.  These  were  applied,  in  the  usual  way, 
upon  pressure  spots  which  had  been  located  and  marked  several  days 
previous."  Whether  the  intensity  of  the  stimulus  employed  was  above 
the  limen  for  subcutaneous  pressure  does  not  seem  to  have  been  con- 
sidered. For  this  reason  we  have  repeated  the  work  upon  isolated 
pressure  spots,  using  a  stimulus  whose  intensity  is  known  to  be  below 
the  limen  for  subcutaneous  pressure.  This  stimulus  was  the  hair  of 
a  von  Frey  hair-aesthesiometer  (length,  ^  mm.;  diameter,  0.18  mm.; 
force,  0405  g. ;  tension  value,  4.5  gr./mm.).  The  skin  of  the  fore-ann 
was  lightly  anaesthetized ;  and  it  was  found  that,  although  the  stimulus 
was  well  above  the  limen  for  the  normal  skin,  no  sensation  was  aroused 
during  the  anaesthesia.  The  aesthesiometer  was  applied  by  means  of  a 
mechanical  device,  which  we  hoped  would  ensure  constancy  and  accu- 
rate timing  of  the  stimulation.  The  essential  parts  of  this  device  con- 
sisted of  a  wooden  plunger  working  in  a  brass  cylinder.  From  the 
side  of  the  plunger  extended  a  horizontal  arm,  which  worked  vcr- 
,  tically  in  a  slot  in  the  cylinder.    The  arm  carried  a  clamp  in  which  the 

aesthesiometer  was  held.  The  apparatus  was  so  supported  over  the 
arm  of  the  observer  that  it  could  be  moved  in  both  directions  in  the 
horizontal.  An  electrical  circuit  was  made  at  the  instant  the  stimulus 
was  applied  and  broken  when  it  was  removed.    The  observer  reacted 

1  Psych.  Rev.,  iv.,  631  ff. 

2  Psy.  Rev.  Mon.  Sup.  60,  1912. 
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by  pressing  a  key;  and  both  records  were  written  alongside  of  a  lo 
per  sec.  time  line. 

Method. — ^The  observer  was  comfortably  seated,  with  his  right  arm 
extended  and  resting  upon  a  felt  cushion.  At  his  left  hand  was  the 
reaction-key.  He  was  told  that  his  arm  would  be  stimulated  by  a 
hair,  and  was  instructed  to  hold  down  the  key  so  long  as  he  felt  any- 
thing at  the  place  of  stimulation.  The  record  showed  the  length  of 
time  during  which  the  stimulus  was  applied,  the  point  at  which  the 
observer  felt  the  stimulus,  the  point  at  which  he  ceased  to  feel  it,  the 
point  of  arousal  of  the  after-image  (if  there  were  an  after-image),  and 
its  duration.  After  every  stimulation  the  observer  gave  a  brief  intro- 
spective report  of  his  experience.  Ten  pressure  spots  on  the  fore- 
arm of  each  observer  were  stimulated.  These  were  marked  by  clip- 
ping away  all  the  hairs  in  the  region  of  stimulation  except  those  at 
the  bases  of  which  the  chosen  spots  lay.  Only  one  intensity  of  stimulus 
was  used.  The  time  of  stimulation  was  approximately  i  sec.  Two 
observers  took  part  in  the  experiments:  G.  J.  Rich  (R),  and  R.  H. 
Cobb  (C),  both  graduate  students  in  psychology.  About  twenty  series 
were  taken  with  R,  and  fifteen  with  C. 

Sources  of  Error. — (i)  The  times  of  stimulation  were  taken  by  a 
stop  watch,  and  were  not  absolutely  constant.  A  record  of  the  exact 
times  was  kept,  and  the  variation  was  found  to  be  in  the  neighbor- 
hood of  12%.  (2)  Although  every  pressure  spot  was  localized  within 
an  area  of  less  than  i  mm.,  it  was  impossible  to  be  certain  that  stimu- 
lation within  that  area  would  always  produce  the  same  impression. 
This  uncertainty  is  borne  out  by  the  mtrosijections.  (3)  Adaptation  of 
the  pressure  spots  was  avoided  by  stimulating  each  one  only  once  at  a 
sitting. 

Results. — The  quantitative  results  for  the  two  observers  are  given  in 
the  following  tables. 

TABLE  I 

Observer  C— 69  Cases 

^  Report 
4)£  of 

g<  Observer 


^cg    >  5     >  I  >  1  g^ 

? 10.8^  (1^)  8j61  (0.76)  7!^  (3^)^  % 

5  9.92  (2.36)  6.55  (1.24)  5.26  (1.47)    2  3 

6  9.54  (0.69)  8.53  (0.74)  7.37  (2.99)    5  2 

4  8.72  (0.54)  7.48  (0.51)  6.75  (1.98)    3  4(1) 

8  8.68  (0.70)  7.10  (0.48)  6.48  (1.24)    6  3 

2  8.54  (0.57)  7.31  (0.35)  6.58  (2.15)    3  2(2) 

3  7.17  (0.49)  6.27  (0.89)  5.37  (2.14)    2  6(1) 

7  7.06  (0.18)  6.43  (0.05)  6.22  (1.74)    0  5 

10  6.72  (0.2)  5.94  (0.49)  5.30  (1.68)    0  4(1) 

9  6.48  (0.56)  5.10  (0.4)  4.50  (1.34)    2  4(1) 

Av.  Av.  Av. 

A.Sn.  M.V.  Int.  M.V.  A.Im.  M.V. 

Summary 1.44  (0.15)  0.78  (0.57)  6.15  (2.18)28  35(6) 
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Observer  D 

Total 

Number  of  Errors 

Maximal 

number 

percent 

of 

With 

With 

accuracy 
in  a  single 

Stimuli 

judg. 

les8er 

greater 

Percent 

ments 

stimulus 

stimulus 

accuracy 

series 

App.,  30  mm. 

120 

13 

23 

70 

95 

App.,  25 

20 

3 

1 

80 

80 

App.,  20 

60 

10 

7 

72 

85 

App.,  15 

220 

33 

29 

72 

95 

App.,  10 

200 

22 

29 

75 

95 

In  all  these  experiments  D  judged  in  terms  of  long  and  blunt.  The 
latter  he  described  as  "a  pressure  both  cutaneous  and  subcutaneous, 
a  blurry  shapeless  spot,  dull.''  The  longs  varied  from  indefinite  ovals 
to  "jiist  a  larger  and  more  blurry  mass,  perhaps  greater  in  pressure 
than  the  blunt.  D  was  usually  fatigued  at  the  time  of  the  experiments, 
and  the  fatigue  seems  to  have  affected  the  definiteness  of  his  reports, 
though  not  his  numerical  accuracy.  He  complained,  as  C  did,  of  the 
change  of  pattern  with  shift  of  stimulation.  The  distribution  of  errors 
is,  again,  fairly  regular. 

Conclusions. — It  seems  certain  that  subliminal  separations  of  the 
aesthesiometer-points  are  discriminable.  This  result  has  an  obvious 
bearing  upon  the  determination  of  limens. 

Discrimination  appears  to  be  based  not  upon  length  (quantitative) 
but  upon  form  (qualitative) ;  for  the  percentage  of  accuracy  does  not 
vary  with  the  difference  between  the  two  stimuli.  Moreover,  we  do 
not  find  any  progressive  effect  of  practice. 

The  introspective  reports  also  point  to  the  conclusion  that  perceptive 
form  is  the  basis  of  judgment.  C  remarked,  incidentally,  that  repetition 
fatigued  her,  and  was  a  hindrance  rather  than  a  help. 

This  preliminary  work  shows  that  the  stimuli  should  be  applied  (i) 
within  a  small  area,  (2)  with  light  pressure,  and  (3)  with  fairly  long 
time-intervals  (perhaps  40  to  50  sec.)  between  the  stimulus-pairs. 

We  have  still  to  determine  whether  the  perceptive  forms  constitute 
a  series,  and  if  so  whether  the  series  is  continuous  or  discrete ;  and  to 
work  out  the  number  of  just  noticeable  differences  between  the  percep- 
tion of  '  spot '  or  '  point '  and  the  two-point  limen. 
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the  outside  world  that  leads  a  man  to  a  knowledge  of  his  self  rather 
than  a  knowledge  of  his  self  that  gives  him  a  grip  upon  the  outside 
world. 

If  his  mentality  be  part  of  an  integral  interrelated  system,  analysis 
might  begin  at  any  part  of  the  system  and  proceed  to  any  other  part  of 
it;  for  if  the  self  is  given  meaning  by  reason  of  the  world  the  world 
is  jgven  meaning  by  reason  of  the  self. 

The  society  of  which  the  individual  is  a  part  even  in  his  introspective 
moments  is  not  far  to  seek.  So  far  as  he  succeeds  in  taking  the  posi- 
tion of  an  outsider  and  in  objectifving  his  mental  content  he  makes  of 
himself  an  observer  and  of  his  self  as  observed  a  society;  for  observer 
and  observed  have  no  meaning  unless  there  is  some  third  mind  for 
which  both  mav  be  object  of  observation. 

The  external  social  world  is  part  of  this  larger  self  and  claimant  for 
the  ascendency.  To  it  every  personality  must  give  heed.  But  not  in 
the  same  way.  For  this  social  world,  too,  may  be  objectified.  Once 
objectified  it  may  claim  the  ascendency,  or  it  may  be  subordinated  to 
some  purpose  higher  than  the  social,  to  a  purpose  comprising  both  the 
social  and  the  individual.  The  external  social  world  must,  first  of  all 
be  inherited,  in  order  to  plav  its  role.  It  must  be  accepted  and  affirmed 
by  the  individual  in  order  that  he  may  respond  to  its  beck  and  call.  In 
order  to  be  an  external  world  of  compulsion  the  world  without  must 
become  part  of  the  world  within.  And  once  it  has  been  placed  within 
it  may  be  reorientated  in  the  individual's  system  of  values  and  trans- 
formed in  the  light  of  his  purposes.  The  outside  world  is  part  of  tlie 
individual  if  he  is  really  a  part  of  it. 
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